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We show that the contact couplings of neutral pseudoscalar and axial mesons to the
nucleon are proportional to ∆s, the fraction of nucleon spin carried by the strange quark
sea, and thus are strongly suppressed relative to the couplings of charged mesons to
the nucleon. On the other side, recent high accuracy data on η photoproduction at
threshold reveal the need for non–negligibile ηNN vertices, while fitting N¯N phase
shifts by means of effective meson exchange potentials requires a substantial presence
of f1 mesons there. We here advocate the idea to attribute the couplings of neutral
pseudoscalar and axial vector mesons to effective triangular diagrams containig non–
strange mesons and demonstrate its usefulness in describing available data.
The neutral axial vector current of the nucleon evaluated within the Glashow–
Weinberg–Salam theory of electroweak interaction is determined by the left–handed
quark fields ψL only in accordance with
〈N | Jneutralµ,5 | N〉 = −2〈N |
3∑
i=1
ψ¯L(i)γµ
τweak3
2
ψL(i)|N〉
= −gA U¯Nγµγ5 τ
strong
3
2
UN + ∆s
2
U¯Nγµγ5UN + h. fl.
= 〈N |Ψ¯qγµγ5(λ3
2
− 2
√
1
3
λ8
2
+
√
2
3
λ0
2
)Ψq|N〉 + h. fl. (1)
Here
τweak
3
2
/
τ
strong
3
2
denotes the third component of weak/strong isospin, i counts the
quark generation, Ψq stands for col(u, d, s), λi are the standard Gell-Mann matrices,
while ∆s = Sµ〈N |s¯γµγ5s|N〉 is the fraction of nucleon spin carried by the strange
quark sea. The first quark generation acts simultaneously as a doublet with respect
to both weak and strong isospin. On the contrary, each heavy flavor (h. fl.) quark
generation decomposes with respect to strong isospin into singlets. As a consequence,
Jneutralµ,5 contains only the antisymmetric combination (u¯u− d¯d)/2 which is identical to
the third component of the charged axial current, while the symmetric combination
(u¯u + d¯d) is completely absent. This circumstance is of crucial importance for the
design of the couplings of neutral 0− and 1+ mesons to the nucleon. Indeed, in
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assuming the (q¯jqj)M component of a neutral meson (M) to the neutral axial vector
current q¯kγµγ5qk of quarks qk of flavor k to be diagonal in flavor and universal in
strength1,2
〈l¯l|q¯kγµγ5qk|(q¯jqj)M〉 = κ m˜M iqMµ δkj , (2)
where m˜M is a properly chosen mass scale parameter and l¯l denotes the external
leptons, it obviously occurs that the η and f1 mesons,
η =
1√
6
(u¯u+ d¯d− 2s¯s) ,
f1(1285) = cos θ
u¯u+ d¯d√
2
− sin θs¯s ,
f1(1420) = sin θ
u¯u+ d¯d√
2
+ cos θs¯s , θ ≈ 17o , (3)
can couple to the current in Eq. (1) only through their s¯s components. This because
the non–strange pieces of the octet (J
(8)
µ,5) and singlet (J
(0)
µ,5) axial vector currents
〈N | J (8)µ,5 | N〉 = 〈N | Ψ¯qγµγ5
λ8
2
Ψq | N〉 = G(8)A U¯Nγµγ5UN ,
G
(8)
A =
3F −D
2
√
3
=
1
2
√
3
(∆u+∆d− 2∆s) ,
〈N | J (0)µ,5 | N〉 = 〈N | Ψ¯qγµγ5
λ0
2
Ψq | N〉 = G(0)A U¯Nγµγ5UN ,
G
(0)
A =
√
1
6
(∆u+∆d+∆s) , −2
√
1
3
G
(8)
A +
√
2
3
G
(0)
A = ∆s , (4)
cancel in the combination determining the neutral axial vector current in Eq. (1), and
the isosinglet part of Jneutralµ,5 in fact coincides with the strange axial vector current
(in the approximation in which heavier flavors have been omitted). For this reason
both the ηNN and f1NN vertices in fact appear proportional to ∆s only and are
thus, for ∆s = −0.13 ± 0.041, suppressed by a factor of ∆s/gA ∼ 0.1 as compared
to the coupling of the charged π and a1 mesons to the nucleon
3. The value of the
pseudoscalar ηNN coupling constant gηNN predicted by the constituent quark model
to satisfy the relation gηNN = 2G
(8)
A gpiNN/gA (with gA = ∆u − ∆d = 1.26) appears
therefore substantially overestimated as compared to the physical ηNN coupling as
G
(8)
A contains in addition to ∆s also the superfluous ∆u and ∆d contributions. Re-
garding the f1 mesons, the constituent quark model even completely fails in predicting
their couplings to the nucleon since these particles behave as mesonic molecules (K¯K
mesonium) rather than as the q¯q states given in Eq. (3).
On the other side, recent high accuracy data on η photoproduction at threshold4
reveal the need for non–negligibile ηNN vertices, while fitting N¯N phase shifts by
means of effective meson exchange potentials requires a substantial presence of f1
mesons there5,6. We here put forward the idea that the ηNN and f1(1285)NN cou-
plings are mainly governed by the a0(980)πN triangle diagram, while the f1(1420)NN
coupling is associated with the K¯∗(892)K(Y = Σ,Λ) effective triangular vertex3,2,7.
To illustrate this method we present analytical expressions for the pseudoscalar as
well as pseudovector (denoted by fηNN ) coupling constants resulting from the eval-
uation of the a0πN triangle. Details on the Lagrangians and the notations used are
given in previous work3. The following expression for the ηNN vertex have been
found:
gηNN (q
2) =
3
8π2
m2a0 −m2η
m2pi
fpiNNfa0ηpiga0NN
{∫ 1
0
dx ln
Z1(mpi,Λa0, x, q2)Z1(Λpi, ma0 , x, q2)
Z1(mpi, ma0 , x, q2)Z1(Λpi,Λa0 , x, q2)
+
∫ 1
0
∫ 1
0
dydx
xc(x, y, 1− y, q2)
Z2(mpi, ma0 , x, y, 1− y, q2)
+
1
2
∫ 1
0
∫ 1
0
dydxx
(
ln
Z2(mpi,Λa0 , x, y, 1− y, q2)
Z2(mpi, ma0 , x, y, 1− y, q2)
+ ln
Z2(Λpi, ma0 , x, y, 1− y, q2)
Z2(Λpi,Λa0 , x, y, 1− y, q2)
)}
. (5)
The functions Z1(m1, m2, x, q2), Z2(m1, m2, x, y, y¯, q2) and c(x, y, 1− y, q2) read
c(x, y, y¯, q2) = xy¯(1 + xy¯)m2N + xy(x(y + y¯) +
1
2
)q2 ,
Z1(m1, m2, x, q2) = xm21 + (m22 − q2)(1− x) + (1− x)2q2 ,
Z2(m1, m2, x, y, y¯, q2) = m2Nx2y¯2 +m21(1− x) + (m22 − q2)xy
+x2y(y + y¯)q2 . (6)
The corresponding expression for the pseudovector coupling is obtained as:
fηNN (q
2) =
3
8π2
m2a0 −m2η
m2pi
fpiNNfa0ηpiga0NNmNmη∫ 1
0
∫ 1
0
dydx2x2yZ−12 (mpi, ma0 , x, y, 1− y, q2) . (7)
Here the coupling constant fa0piη of the a0 → π + η decay has the value of fa0ηpi =
0.4 corresponding to a decay width of 50 MeV, while Λpi and Λa0 are the cut-off
parameters in the monopole vertex factors, for which we use the values 1.05 GeV
and 2.0 GeV, respectively. For the a0(980)NN coupling constant, the smallest value
of g2a0NN/4π = 0.77 available from the Bonn potential has been chosen. The ηNN
coupling constants are obtained by setting q2 = 0 in Eqs. (5), (6) and (7) yielding
gηNN (q
2 = 0) = 2.03 ,
g2ηNN
4π
= 0.33 , (8)
fηNN (q
2 = 0) = 0.58 ,
f 2ηNN
4π
= 0.03 . (9)
As an example for the power and usefulness of the method suggested, we present in
Fig. 1 the rather satisfactory description of the high accuracy data4 on the differential
cross section for η photoproduction off the proton at a photon laboratory energy of 724
MeV. In a similar way, corresponding expressions have been found for the f1(1285)NN
Fig. 1 Differential cross section for eta photoproduction on the proton.
(Ref. 2) and f1(1420)NN (Ref.
7) coupling constants (in turn denoted by gf1(1285)NN
and gf1(1420)NN ) entering vetrices of the type gf1NNǫ
µ
f1
U¯Nγµγ5UN , respectively, with
ǫµf1 standing for the polarisation vector of the f1 meson. With the parameters listed
above, one finds gf1(1285)NN = 1.46 for q
2 = 27fm−2. A remarkable feature of the
f1(1420)NN coupling, when associated with the K¯
∗(892)KY intermediate triangular
states, is that it appears predominantly induced by the tensor coupling of theK∗(892)
meson to the baryon. In using a value of 4.5 for the ratio between the tensor and vector
couplings of the K∗(892) mesons in the K∗(892)ΛN vertex, a value of gf1(1420)NN =
10.5 has been reported in7 where also the Lagrangians used are presented. A further
interesting aspect of the f1NN effective vertex discussed in
7 is that the effective
K¯∗(892)KY triangles induce a small tensor coupling of the f1(1420) meson to the
nucleon, which is, however, by about two order of magnitudes smaller as compared to
gf1(1420)NN . As it is well known, such a coupling is G-parity forbidden. So, second class
currents may be induced by the effective vertices considerded above. To conclude, we
wish to stress that the couplings of the mesons occupying the centers of the 0− and
1+ meson nonets cannot be described in the context of the constituent quark model
which does not account for the structure of the neutral axial vector current emerging
in the gauge theory of electroweak interaction of the current quarks.
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